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Outline
• Physics of the Deuteron Wave Functions
• Sensitivity to Potentials
• Deuteron Elastic Form Factors and Rosenbluth Separation
• Polarization Observables
• Experimental Asymmetries
• Sensitivity to Ingredients of the Models
• Extraction of the Form Factors





NN Potential & Deuteron Wave Function

Ms=0

Ms=± 1

• NN Potential models 
fit to NN-scattering data

• Deuteron as THE NN bound state
NRIA: 

Schrödinger equation under NN potential
• Tensor Force → D-wave → GQ



Polarized Wave Functions
• Wave functions M=0, ±1 states: 

coupling of spherical and spin harmonics

• The donut and the dumb bell:

u

R0(r) u(r)/r
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Deuteron Density Functions
Calculate density 

functions:

Straightforward form:
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What do these look like??



T20 large > T21 medium > T22 small

η = τ  = Q2/ 4M2



Te
11 significant, Te

10 not … because GM
2 << GC

2















PID: Proton vs. Deuteron
• TOF, Geometric Trajectory → β = v/c, momentum, β → M
• σM ≅ 100 MeV
• Cut between proton and deuteron:

1.5GeV: 4-5 σM separation



Kinematics:
σpe

=24MeV, σθd
=1o, σφ =1o

… …

e-d Elastic Event Selection

Mapping Blast magnetic field Jun 2002

Timing:
TOF(p)-TOF(e) ~ 10ns
TOF(d)-TOF(e) ~ 20-30ns

e- left, d+ right

e- right, d+ left

Deuterons:Slow, 
survive kinematics cuts

Protons: “Fast”
Reduced by kinematics cuts

After kinematics cuts









Elastic Electron Deuteron Scattering
• e-d elastic scattering: GC GM GQ

• Rosenbluth Separation

• 3rd Measurement to separate 3 form factors

• Tensor Asymmetry in e-d elastic scattering

*

*



Non-relativistic calculations without MEC, RC



Non-relativistic calculations without MEC, RC



Non-relativistic calculations with MEC, RC



Non-relativistic calculations with MEC, RC









Definition of T20R

We can rewrite T20 in the following manner:

where

and

We now get by subtracting X dependence

Finally define which 1 as Q2 0 if Qd is in
units of M2  … Garco’n and van 
Orden

… some complicated function





T20 and Form Factors
• Observe 2 Asymmetries simultaneously 
in parallel and perpendicular kinematics

• Use world data to subtract T22 contributions:
a few % of total Asymmetries.

• Solve for T20 and T21, from Ak and A⊥

• Or use world data to subtract T21 contributions
• Use world data of A(Q), and BLAST Asymmetries, use world data 
for GM contributions, least square fit for GC(Q) and GQ(Q), 

• Use BLAST data and world data of cross sections and polarized 
observables, refit Abbott’s Parameterizations
Parameterization I finished









Results: T20 and T21

T21

T20



Results: Form Factors from A, B, T20,
and T21



… including GM















Conclusions

• First measurement of Te
11

• World class measurement of T20

• Sensitive to the D-state of the deuteron
• Sensitive to MEC, IC, RC
• Extraction of GC , GQ , GM
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